Materials and Methods
Purification of PSI. Thylakoid membranes were solubilized (1) , and trimeric PSI was purified by ion exchange liquid chromatography using a Mono Q TM HR 5/5 column (Amersham Biosciences, Arlington, IL) and an ÄKTA explorer instrument (Amersham Biosciences, Arlington, IL) (2) . The fraction size collected was 0.5 ml, and the visible absorption spectrum of each fraction was recorded on a Hitachi (San Jose, CA) U-3000 UV-visible spectrophotometer using 1cm path length cuvettes. Fractions with absorption maxima greater than 679 nm were pooled. Purified trimeric PSI was dialyzed overnight in 5 mM HEPES-NaOH pH 7.5, 0.04% dodecyl-ß-D-maltoside (LM) and then concentrated using an Amicon (Bedford, MA) Ultra 100,000 MWCO centrifugal filter device to a final concentration of 2-3 mg chl/ml.
FTIR Spectroscopy.
FT-IR spectra were collected at -10 °C as described previously (3, 4) . Samples contained 2 mM potassium ferricyanide and 2 mM potassium ferrocyanide and were concentrated at room temperature under a steady flow of nitrogen gas. Concentration times were 20-30 minutes. Spectral conditions were as follows:
resolution, 4 cm -1
; zero filling, 1; data acquisition time, 4.0 min. Difference spectra (light-minus-dark) were generated by taking the ratio of single beam spectra collected before and during illumination and converting to absorbance. FT-IR spectra were obtained in the dark or under continuous illumination with red and heat-filtered light, as previously described (3) (4) (5) . A 60 min dark relaxation time was used between successive illuminations. Spectra were normalized to account for small differences in sample concentration and path length, using the amplitude of the amide II band in the infrared absorption spectrum. All spectra were normalized to 0.5 AU. Infrared absorption spectra were created by use of a background.
Isotope-edited spectra were generated by subtracting the isotope-labeled difference spectrum from the natural abundance difference spectrum. For the 18 O-isotope edited spectrum (Fig. S1C) , a direct one-to-one subtraction (C, dotted line), as well as an interactive subtraction (C, solid line), were performed. A subtraction factor of 0.9663 was chosen (Fig. S1C, solid half of the data set, and dividing by the √2. Dark-minus-dark spectra were generated from data recorded before illumination (Figs. S1E and S2E). methanol. The extracted pigments were vortexed, sonicated, centrifuged, and filtered as previously described (4, 6) . For NMR spectroscopy, chl was HPLC purified (6). Chl was concentrated and dried using a Thermo-Savant SpeedVac concentrator with VLP120 pump and RVT 400 refrigerated vapor trap (Thermo Electron Corporation, Waltham, MA). Chl samples were stored at -70°C until use. A 4700 Proteomics Analyzer (Applied Biosystems Foster City, CA) was used for the mass spectral measurements (4).
Immediately before the measurement, chl was dissolved in a mixture of 80% methanol, 19% water, and 1% acetic acid; this treatment removes the Mg +2 ion of chl and generates pheophytin. The matrix used was alpha-cyano-4-hydroxy cinnamonic acid. The 871.5 m/z peak of pheophytin was used for quantitation. Data were analyzed using IGOR (Wavemetrics, Lake Oswego, OR) and Excel (Microsoft, Redmond, WA) software. The data were normalized to the {M+H} peak before the isotope distribution was calculated. 13 C labeling of chl. In order to calculate the amount of 13 C incorporation, mass spectral data derived from the natural abundance sample (Table S1 , column 2) were subtracted from the 13 C labeled data (Table S1 , column 3). The resulting values are given in Table S1 , column 4. The 872.5 m/z {M+H+1} peak amplitude gives the amount of the + 1 chl isotopomer, generated by 13 C-glutamate labeling (43 + 8%). Because eight positions are expected to be labeled from 13 C glutamate, the probability the 13 1 keto position is labeled in the + 1 isotopomer was derived by dividing by eight (5%, column 13).
To calculate the amount of simultaneous labeling at two chl positions, generating the + 2 isotopomer, the 873.5 {M+H+2} peak amplitude was employed. The + 1
isotopomer makes a significant contribution to the +2 isotopomer peak amplitude, which was factored out using the relative, natural abundance peak intensities (Table S1 , column 2). Note that the observed, natural abundance and the predicted isotope distributions are similar (Table S1, compare column 2 and Table legend ). This subtraction shows that 13 C glutamate labeling generated the + 2 chl isotopomer in 27 + 7% of the sample (Table S1 , column 6). Because eight positions are expected to be labeled, the probability that the keto position is labeled in the + 2 isotopomer is calculated by division by 2/8 (Table S1 , column 13). These calculations were repeated for all observed ion signals between 873.5-877.5 m/z, and the probabilities were summed to estimate the total amount of 13 C label at the keto position.
GC/MS analysis of 13 C isotope incorporation into PSI amino acids. T o
determine the amount of 13 C incorporation into amino acids, PSI samples were acid hydrolyzed, derivatized, and subjected to GC/MS as previously described (7, 8 . Light-induced FT-IR spectra, associated with the oxidation of P 700 in PSI. In (A), the samples were derived from cyanobacteria cultured in the presence of natural abundance glutamate. In (B), the samples were derived from cyanobacteria cultured in the presence of L-glutamic-3-13 C-acid. In (C, solid line), the isotope-edited spectrum, 12 C-minus-13 C, was generated by interactive subtraction of (B) minus (A) and multiplication by a factor of 5. A subtraction factor of 0.9584 was used to minimize ester contributions to the isotope-edited spectrum. In (C, dotted line), the isotope-edited spectrum was generated by a direct one-to-one subtraction and multiplication by a factor 
